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Optimization of Lace Tube with Gray Theory and Design of Experiment

# *x T
Fag o Eu o4

- A

(*Ilkab Jeong - Dongmyung Lee - Sangbeom Lee - Jintaek Lim)

Abstract - As consumption of energy is increasing rapidly, energy saving is emphasized in nowadays. Thermal power plant
occupies a large proportion in various type of power plant. Major causes of decreased power generation efficiency on thermal
power stations is deposition of fly ash. Soot Blower is a facility to remove the ash which is deposited outside of tube by
steam blowing on boiler. Residual stream which caused by lance tube in soot blower cannot be discharged steam effectively in
lance tube causes reducing the thickness of lance tube. On the contrary, increasing discharge ratio of steam, lance tube
cannot sustain proper pressure to remove ash on tube. This study suggests increasing discharge ratio of steam with proper
pressure to remove ash on tube by optimization on shape of lance tube nozzle. To optimize shape of nozzle, discharge ratio
and maximum blowing pressure on nozzle is selected as object functions. Diameter of nozzle, distance between nozzles, angle
of nozzle and gap between nozzle is selected as design parameters. Then the design of experiment (DOE) with an orthogonal
array is performed to analyze the effect of design parameters. And grey relational analysis and analysis of mean (ANOM) is

performed to optimize shape of lance tube.
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Table 1 Level of design parameters

Design Parameter Unit Level

1 2 3

Diameter mm 28 34 40
Distance mm 40 55 70
Angle deg 2 4 6
Gap mm 8 15 22
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Fig. 1 Definition of design parameters
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Table 2 Orthogonal array table

Diameter Distance Angle Gap
(mm) (mm) (deg) (mm) - -
CASE 2 28 55 4 15 Fig. 3 Mesh model
CASE 3 28 70 6 22
CASE 4 34 40 4 22 ik 8lbar
CASE 5 34 55 6 8 \\;I'emperature: 350 °C
CASE 6 34 70 2 15
CASE 7 40 40 6 15
CASE 8 40 55 2 22
CASE 9 40 70 4 8
Outlet: Opening
=
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Table 3 Experimental result

Input mass | Output mass | Mass ratio | Pressure
(kg/s) (kg/s) (%) (bar)
CASE 1 3.826 -1.003 26.23 1.904
CASE 2 3.814 -0.890 23.35 1.510
CASE 3 4311 -0.964 22.35 1.911
CASE 4 3.936 -1.397 35.51 1.869
CASE 5 4.374 -1.421 32.49 1.955
CASE 6 3.945 -1512 38.32 1.986
CASE 7 4.027 -1.720 42.72 1.788
CASE 8 4.042 -2.003 49.54 1.957
CASE 9 4.031 -1.838 45.60 1.862
E 4 |EH/O st g g8
Table 4 Mean effect response for mass ratio
Level Diameter Distance Angle Gap
(mm) (mm) (deg) (mm)
1 23.98 34.82 38.03 34.77
2 35.44 35.13 34.82 34.8
45.95 35.42 32.52 35.8
Delta 21.98 0.61 551 1.03
Rank 1 4 2 3
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Fig. 5 Mean effect response graph for mass ratio
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Table 5 Mean effect response for pressure

Level Diameter Distance Angle Gap

(mm) (mm) (deg) (mm)

1 1.775 1.854 1.949 1.907

2 1.937 1.807 1.747 1.761

3 1.869 1.92 1.885 1912

Delta 0.162 0.112 0.202 0.151
Rank 2 4 1 3
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Fig. 6 Mean effect response graph for pressure
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Table 6 S/N ratio for experiment
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Table 9 Level of shape parameters for Lance Tube Nozzle

S/N Ratio Normalized S/N Ratio Design Parameter Unit Selected parameters

Mass ratio | Pressure | Mass ratio Pressure Diameter mm 40
CASE 1 28.38 5.59 0.2011 0.8461 Distance mm 70
CASE 2 21.37 3.58 0.0550 0.0000 Angle deg 2
CASE 3 26.99 5.63 0.0000 0.8595 Gap mm 22
CASE 4 31.01 543 0.5817 0.7784
CASE 5 30.23 5.82 0.4700 0.9426
CASE 6 31.67 5.96 0.6774 1.0000
CASE 7 32.61 5.05 0.8139 0.6167
CASE 8 33.90 5.83 1.0000 0.9463
CASE 9 33.18 5.40 0.8959 0.7647

' 73 g
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Table 7 Grey relational coefficient and grey relational grade

Grey relational .
coefficient Grey relational grade

Mass ratio Pressure (@)
CASE 1 0.5559 0.8666 0.7113
CASE 2 0.56141 0.5000 0.5071
CASE 3 0.5000 0.8768 0.6884
CASE 4 0.7051 0.8186 0.7618
CASE 5 0.6536 0.9457 0.7997
CASE 6 0.7561 1.0000 0.8780
CASE 7 0.8431 0.7229 0.7830
CASE 8 1.0000 0.9491 0.9745
CASE 9 0.9057 0.8095 0.8576

B 8 M I Sgol gt B g
Table 8 Mean effect response for grey relational grade
Level Diameter Distance Angle Gap
1 0.6356 0.7520 0.8546 0.7895
2 0.8132 0.7604 0.7088 0.7227
3 0.8717 0.8080 0.7570 0.8083
Delta 0.2361 0.056 0.1458 0.0856
Rank 1 4 2 3
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